blood transplant as key words; data sets were limited to English language, human subjects, and clinical trial reports. References quoted by identified articles were also accessed; review articles were excluded. The list was screened for overlap and extractable data summarized. Data for publications included in this review were graded for quality by scoring based on Grading of Recommendations Assessment Development and Evaluation recommendations (based on a numerical score of likelihood of benefit from the intervention and a letter demonstrating the strength of the evidence) (see supplemental Data, available on the Blood Web site). 1 The search, extraction of data, and assessment of quality were completed by both authors individually and checked for agreement (100%). No prospective randomized trials comparing outcomes of conservative therapy vs HSCT or randomized studies between different transplant modalities were found for SCD or thalassemia.
Search results

SCD
The search was last performed on November 13, 2013 . "Human stem cell transplant 1 sickle cell disease" resulted in 367 published studies. Reviews, non-English publications, case reports, abstracts, and mixed indications for HSCT were excluded, leaving 30 clinical trial reports. "Human bone marrow transplant 1 sickle cell disease" produced 369 studies that were restricted to 35 after exclusions. "Human cord blood transplant 1 sickle cell disease" produced 107 reports and 10 were retained. Deleting overlapping reports and condensing serial reports from the same group of patients selected 17 studies that were graded (supplemental Data). Of these, 4 reported on alternative donor (not HLA-matched family donors [MFDs]) transplants; 5 described HSCT toxicities and long-term outcomes/ benefits post-HSCT. Eleven additional publications on care utilization and acceptance of HSCT were also reviewed.
Thalassemia
The search was last performed on November 13, 2013; "stem cell transplant 1 thalassemia," "bone marrow transplant 1 thalassemia," and "cord blood transplant 1 thalassemia" resulted in 559, 850, and 191publications, respectively. Based on similar exclusion/selection strategies described above to eliminate overlap, 37 (stem cell), 60 (bone marrow), and 11 (cord blood) publications were retrieved. Overlapping reports in these subsets were eliminated, leaving 22 reports, including 8 with alternative-donor transplants. Each was graded as described above (see supplemental Data). Five publications on care utilization and long-term follow up were also reviewed.
SCD (case 1)
SCD, a genetic disorder that results from the substitution of glutamine to valine at the sixth position in the b-globin chain of hemoglobin due to a single-nucleotide mutation, affects over 90 000 people in the United States and several thousands more worldwide (National Heart Lung and Blood Institute, 2009). HbSS causes red cell polymerization, vaso-occlusion, and vasculopathy. Children with HbSS have a 27% rate of neurologic complications (10% overt stroke), and 25% develop acute chest syndrome. [2] [3] [4] Vasculopathy also affects the kidneys, eyes, heart, bone and joints, muscles, and gut, resulting in chronic pain and irreversible sequelae. Median age at death is 40 years despite significant advances in care, even in developed countries. 5 Although HbSS and sickle b 0 thalassemia (HbSb 0 ) genotypes typically represent those at highest risk for complications and the most likely to have a stem cell transplant, sickle cell hemoglobin C or sickle b thalassemia patients are not always spared the ravages of SCD, though the age at onset and symptom constellations vary. Symptoms are modified with hydroxyurea (HU) (the only US Food and Drug Administrationapproved drug for SCD) and blood transfusions (alloimmunization can For all genotypes, the morbidity of the disease is the driving factor in pursuing a HSCT. Preventative HSCT should be considered for children with higher-risk genotypes, HbSS, and HbSb 0 . HSCT for adults with SCD is better tolerated with a low-intensity regimen, with the caveat of requiring prolonged immune suppression to maintain mixed-donor chimerism. AVN, avascular necrosis; TCD, transcranial Doppler; VOE, veno-occlusive episodes. *Especially in children with difficult access to adequate lifelong supportive medical care, we recommend reviewing statistics for OS, DFS, GR, and GVHD with families as they weigh these options.
become a complication limiting the use of this treatment modality). Observational studies of patients on long-term HU demonstrate reduced mortality. 6, 7 Results from the BABY HUG trial offered evidence that daily HU for infants and toddlers with HbSS and HbSb 0 genotypes reduced the number of painful events and the number of transfusions. However, BABY HUG did not provide any evidence that HU prevents central nervous system (CNS) disease. 8 Allogeneic HSCT is curative. HSCT results in stabilization of organ function and gradual amelioration of CNS, pulmonary, and pain symptoms. 9 Given the risk of recurrent stroke and persistent morbidity, Kierra would be well served to pursue HSCT.
MFD transplants (blood, marrow, or cord blood) following predominantly myeloablative conditioning (MAC) have been reported from several countries and resulted in .90% overall survival (OS), 82% to 100% disease-free survival (DFS), graft rejection (GR) rates of 8% to 18%, and transplant-related mortality (TRM) of 4% to 14%. [10] [11] [12] [13] The addition of anti-thymocyte globulin (ATG) to the regimen reduced GR rates to ,10%.
10 Acute and chronic graft-versushost disease (GVHD) rates varied between 6% and 35%. Nonablative conditioning strategies were undertaken in recent years to offset toxicities. Although well tolerated, significantly lowered-intensity preparative regimens for HSCT resulted in 67% to 100% GR rates. 14, 15 A change to a more immune-suppressive regimen successfully achieved 86% to 90% DFS with reduced intensity conditioning (RIC), even in adult patients. However, prolonged immune suppression was necessary in 70% of recipients to maintain engraftment. 16 Continued attempts to improve conditioning strategies and reduce the intensity of the preparative regimen are targeted to offset transplant toxicities noted after MAC, including veno-occlusive disease, neurotoxicity (seizures, stroke, and hemorrhage), growth failure in postpubertal recipients, hypogonadism (as high as 70%), and sterility. 9 Toxicity is worse in older age groups (such as adolescents or young adults) and those with advanced SCD. 9, [17] [18] [19] [20] Mixed chimerism was noted in all patients with low-intensity conditioning but is also noted in 6% to 36% following MAC. However, stable donor chimerism (usually determined in cells of myeloid lineage) as low as 11% can ameliorate SCD symptoms and maintain low hemoglobin S levels, presumably secondary to an erythrocyte survival advantage. 21, 22 The lower limit of erythrocyte donor chimerism associated with disease amelioration is unknown. Table 1 lists indications for which HSCT is considered, factoring in disease symptoms and donor availability.
If Kierra has a matched sibling donor, we suggest:
c The pursuit of a HSCT (grade 1B) over lifelong chronic red cell transfusion therapy and supportive care. c The decision to choose a myeloablative (grade 1B) vs a nonmyeloablative (grade 1B/2B) preparative regimen has never been addressed in a randomized fashion. However, given the similar survival rates and tolerability of a nonmyeloablative approach, we would choose a less toxic approach (grade 2C).
Next steps if no matched sibling is available
Alternative donor transplantation for Kierra should be considered. Kierra is at risk for stroke recurrence despite continued transfusions (45% overt 1 silent; 22% overt). 23, 24 Cognition declined with each year of age in a cross-sectional cohort of children with SCD, both with and without cerebral infarcts. 25 She also has continued pain (poor QOL). Both are established indications of severity, making her a candidate worthy of a discussion of HSCT. However, age (.16 years), organ toxicity, GVHD rates, GR, and increased mortality are risks of alternative donor transplants (unrelated or haploidentical). 26 Alternative-donor HSCT, defined as any donor other than MFD, constitutes less than one-quarter of SCD transplants reported to the Center for International Blood and Marrow Transplant Research.
Two national trials for severe SCD with an unrelated donor (URD) are underway: (1) the SCURT trial (NCT00745420) using an RIC regimen (alemtuzumab/fludarabine/melphalan) for children ,19 years and (2) the STRIDE trial (NCT01565616) for adults (.16 years) using busulfan/fludarabine/ATG. Both require 8/8 matched marrow donors, and Kierra has a 20% to 30% chance of finding one (National Marrow Donor Program, 2011). The RIC regimens are based on past experience and seek to define DFS at 1 year and offset toxicities of MAC. 22, 27 The SCURT trial closed to umbilical cord blood transplants (UCBT) after rates of GR (5/8) met stopping rules. 28 Unrelated UCBT predominantly after MAC was reported from retrospectively analyzed combined registry data. 29 OS was 94% and DFS was 50%; the study highlighted the importance of a high nucleated cell dose of .5 3 10 7 /kg (DFS 45% vs 13%). Optimizing unrelated UCBT requires formal trials targeting optimization of conditioning and cord products, some of which are in progress (NCT00920972, NCT01590628).
Kierra's other option is a haploidentical HSCT if a parent or sibling is eligible. Haploidentical transplantation has been reported following an RIC regimen and marrow infusion in 14 patients with posttransplant cyclophosphamide administered to thwart alloreactive T-cell expansion. 30 There was no mortality with this approach, though 42% had GR and 14% required continued immunosuppression to retain donor cell engraftment. Additional haploidentical HSCT trials using CD34-selected blood cells following a MAC or RIC regimen are in progress (NCT01461837, NCT00977691) for children and adults. Prospective trials that carefully define outcomes are the only way to better elucidate the risk/benefit ratios of the transplant intervention and improve upon them, particularly for adult patients.
In the absence of a matched donor in the family, we suggest the following approach to HSCT over supportive care without transplant:
c If an HLA match is identified at 8/8 loci by high-resolution typing and Kierra and her family are willing to proceed, then she should have an HSCT with an RIC regimen as opposed to continuing lifelong chronic transfusion therapy (grade 2B). If no URD is available, then she can pursue a haploidentical transplant or a cord blood transplant. With these stem cell sources, she can anticipate over 50% DFS and .85% OS. 29, 30 RIC would be approached as a less toxic preparative regimen that would allow for greater OS, even if she is not cured of disease. c Given the lower level of evidence and risk of graft failure, we suggest that these experimental treatments be pursued only as part of a clinical trial to provide best options for care while advancing this field. 32 A recently defined very high-risk group included patients .7 years of age with .5 cm hepatomegaly (DFS 24%). 33, 34 Reasons for mortality (19%) included veno-occlusive disease (particularly with ferritin levels .2500 ng/mL), GVHD, infection, and marrow aplasia following GR. GR rates dropped (35% to 10%) following the addition of ATG; lower mortality and GR were achieved with the introduction of fludarabine, HU, thiotepa, and azathioprine in the preparative regimen. 35, 36 Acute GVHD was described in 11% to 38% and chronic GVHD in 6% to 50% of MFD transplants depending on stem cell source (peripheral blood transplants had a higher GVHD risk than cord blood transplants), with a 15-year OS of 87% and DFS of 70% in MFD HSCT. 33, [37] [38] [39] [40] [41] [42] [43] [44] [45] With increasingly successful outcomes demonstrated, especially in patients with risk class I and II disease and lowered toxicity following modification in transplant methods, this curative treatment modality should be discussed with all patients with HLA-matched family members following establishment of diagnosis and transfusion dependency, usually by about 2 or 3 years of age.
Thalassemia (case 2)
Thalassemia patient Sonal has only URD transplant options because she is adopted. Additional risk factors that influence HSCT outcomes in Sonal include age (.7 years), organomegaly, and poor efficacy of chelation. A liver biopsy (to determine histologic changes of cirrhosis such as bridging portal fibrosis) should be performed pretransplant. 46, 47 URD peripheral blood stem cell and marrow transplants (following MAC) have an OS of 79% to 93% and DFS rates of 65% to 90%, with 7% to 11% TRM. 46, [48] [49] [50] Changes that have improved HSCT outcomes include the agents described with MFD, lowered busulfan target dose (300-600 mg/L CSS), and substitution of busulfan with treosulfan in the MAC regimen. 48, 50 UCBT outcomes are more variable, with OS and DFS ranging widely between 62% to 88% and 21% to 73%, respectively. 29, 51 Acute GVHD (21% to 49%) and chronic GVHD (18% to 40%) should be discussed in detail. GR and TRM differences between blood/marrow and cord sources should be considered depending on the quality of the product available. GR (9% to 17% marrow; 17% to 57% cord) and TRM (7% to 11% marrow; 12% to 34% cord) reflect higher transplant risks with UCBT. However, GVHD risks are lower with cords. A national trial was just completed in the United States (the URTH trial) enrolling children (,17 years) with well-matched URD marrow (8/8 loci matched) and cord products (5-6/6 loci matched and with acceptable cell dose) using an RIC regimen (HU/ alemtuzumab/fludarabine/melphalan/thiotepa) (NCT01005576) and restricted to children but excluding those with overt hepatic bridging fibrosis. The trial is in the follow-up phase. Immunosuppressive ablative protocols of haploidentical transplantation have reported a DFS of 54% with TRM of 15% and GR of 30%, leaving room for improvement. 52 For Sonal, we suggest a discussion regarding URD HSCT in the risk class III recipient followed by a registry search to identify the best-available unrelated stem cell source (marrow, peripheral blood stem cells, or cord blood).
c If a matched marrow or suitably matched cord (5-6/6) with adequate cell dose is identified, we recommend that she proceed to HSCT (grade 1B) over continuing lifelong transfusions and chelation therapy. Recent "reduced toxicity" transplant methods incorporating immunosuppression with lower doses or alternate chemotherapy agents can provide a DFS of .70%, even in high-risk disease. Sonal will need to be educated regarding the variables associated with HSCT outcomes, such as TRM, GVHD, and infection, before she decides on the acceptability of HSCT.
Discussion
Attitudes regarding transplant are based on provider knowledge/belief, acceptance of HSCT as a treatment modality, and family perceptions and understanding. 53 A retrospective study of families of 113 children on chronic transfusion therapy revealed that only 58% with siblings opted for free HLA typing. A total of 5 of 8 matched sibling pairs with SCD refused HSCT for fear of mortality. It was also reported that ,50% of parents/patients believed that SCD would negatively impact long-term prognosis without transfusions. In contrast, 62% of adult SCD surveyed were willing to accept .10% TRM, but 80% stated they wanted no GVHD. 54, 55 Based on a decision-tree analysis of QOL, in severe disease, estimations suggest that HSCT will not be a preferred strategy if TRM is .11%. 56 This holds true based on availability of continued supportive care, especially chronic transfusions and lifelong chelation therapy. 57 It is necessary to carefully weigh the pros and cons of continued disease vs HSCT, especially in the URD setting. There are no trials comparing the monetary efficacy of HSCT and conservative care. The cost of conservative care is $9000 to $13 000 more per year per child with SCD. 58 With transfusions and chelation, that increases to a median of $38 607 per 14 months of care. 59 The availability of such care lifelong vs the variable cost of HSCT is an impetus to develop trials designed to improve outcomes and decrease risks and cost.
Although SCD-related organ damage can progress despite conservative therapy, there is always the dilemma of choosing between continued conservative supportive care and HSCT for thalassemia. Although QOL following HSCT or transfusion therapy in thalassemia has not been studied extensively or in randomized fashion, a report noted that 89% of transplant recipients reported satisfaction on a HSCT choice when queried after the intervention, 60 and patients led a productive life posttransplant in the absence of chronic GVHD and when transplanted young. 61 Monetary costs (a cost-analysis effort from Thailand), though higher for HSCT than for transfusions ($114 000 vs $73 928), afforded better QOL gain (26.49 vs 14.11) and long-term gain when performed successfully in children and young adults. 62 HSCT for hemoglobinopathies should be considered from the point of view of a risk/benefit ratio. HSCT offers a cure, but with variable levels of mortality, GVHD, or GR, and probabilities and options should be discussed with patients and families for shared decision making. Clinical trials are the best way to continue to make progress in both HSCT and supportive care arenas to continue to improve outcomes and reduce risks.
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